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(54) Hollow guide wire apparatus for catheters 

(57) A catheter guide wire includes an elongate 
tubular body about which a catheter may be threaded 
for guidance to a target location in a vasculature pas- 
sageway of a body. The elongate body includes a prox- 
imal end and a distal end, with the distal end being 
curved. Cuts are formed either by saw-cutting, laser cut- 
ting or etching at spaced-apart locations along the 
length of the body to increase its lateral flexibility, while 



maintaining its rotational torquabilrty. At least some of 
the cuts extend through the tubular body to the interior 
cavity to allow the escape of fluids flowing in the cavity. 
The distal end of the tubular body includes a sufficient 
number of cuts to make it more flexible than the remain- 
der of the body. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to catheter systems and more 
particularly to hollow guide wire apparatus with 
improved torque and flexure characteristics. 

Catheter guide wires have been used for many 
years to "lead" or "guide" catheters to desired target 
locations in the human body's vasculature. The typical 
guide wire is from about 135 centimeters to 195 centim- 
eters in length, and is made from two primary pieces-a 
stainless steel solid core wire, and a platinum alloy coil 
spring. The core wire is tapered on the distal end to 
increase its flexibility. The coil spring is typically sol- 
dered to the core wire at its distal end and at a point 
where the inside diameter of the coil spring matches the 
outside diameter of the core wire. Platinum is selected 
for the coil spring because rt provides radiopacity for X- 
ray viewing during navigation of the guide wire in the 
body, and it is biocompatible. The coil spring also pro- 
vides softness for the tip of the guide wire to reduce the 
likelihood of puncture of the anatomy. 

Navigation through the anatomy is achieved by 
viewing the guide wire in the body using X-ray fluoros- 
copy. The guide wire is inserted into a catheter so the 
guide wire protrudes out the end, and then the wire and 
catheter are inserted into a vessel or duct and moved 
therethrough until the guide wire tip reaches a desired 
vessel or dud branch. The proximal end of the guide 
wire is then rotated or torqued to point the curved tip into 
the desired branch and then advanced farther. The 
catheter is advanced over the guide wire to follow or 
track the wire to the desired location, and provide addi- 
tional support for the wire. Once the catheter is in place, 
the guide wire may be withdrawn, depending upon the 
therapy to be performed. Oftentimes, such as in the 
case of balloon angioplasty, the guide wire is left in 
place during the procedure and will be used to 
exchange catheters. 

As the guide wir6 is advanced into the anatomy, 
internal resistance from the typically numerous turns, 
and surface contact, decreases the ability to advance 
the guide wire farther. This, in turn, may lead to a more 
difficult and prolonged procedure, or, more seriously, 
failure to access the desired anatomy and thus a failed 
procedure. A guide wire with both flexibility and good 
torque characteristics (torsional stiffness) would, of 
course, help overcome problems created by the internal 
resistance. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an 
improved catheter guide wire apparatus. 

It is also an object of the invention to provide such 
apparatus which exhibits both torsional stiffness, bend- 
ing flexibility, and longitudinal strength. 

It is a further object of the invention to provide such 



2 

apparatus which is simple in design and construction, 
and allows for selectively varying the bending flexibility 
of the apparatus along the length thereof. 

The above and other objects of the invention are 

5 realized in a specific illustrative embodiment of a cathe- 
ter guide wire is formed of a thin, elongate, hollow tubu- 
lar body of material, the exterior surface of which 
includes a plurality of cuts spaced apart along at least a 
portion of the length of the body. The cuts extend trans- 

10 verse! y of the body and are positioned to give the guide 
wire flexibility without significantly reducing torsional 
stiffness. With this embodiment, the guide wire, being 
hollow, may serve also as a catheter itself. 

15 BRIEF DESCRIPTION QF THE DRAWINGS 

The above and other objects, features and advan- 
tages of the invention will become apparent from a con- 
sideration of the following detailed description 
20 presented in connection with the accompanying draw- 
ings in which: 

FIG. 1 is a side, fragmented, partially cross-sec- 
tional view of a tubular guide wire formed with cuts, 
25 in accordance with the present invention; 

FIGS. 2A, 2B and 3 show side, fragmented views of 
three embodiments of a tubular guide wire formed 
with cuts, in accordance with the present invention; 
FIGS. 4A and 4B are side, fragmented views of 
30 other embodiments of a tubular guide wire formed 
with cuts, in accordance with the present invention; 
FIG. 5 is a side, fragmented view showing two dif- 
ferent types of cuts or etchings which may be uti- 
lized in a hollow guide wire in accordance with the 
35 present invention; 

FIG. 6 is a side, fragmented view of still another 
embodiment of a tubular guide wire etched or cut to 
form interlocking teeth, in accordance with the 
present invention; and 
40 FIG. 7 is a side, fragmented view of a metal tubular 
guide wire or catheter, with central metal conductor, 
suitable for use in making electrical measurements, 
applying electromagnetic signals to the body, etc. 



FIG. 1 is a side, fragmented, partially cross-sec- 
tional view of a tubular guide wire 320 made in accord- 
ance with the present invention. A pin vise type torquing 
chuck 324 is shown attached to a proximal end 328 in 
the usual manner. The chuck 324 also includes an 
opening, bore, or luer adapter 332 to allow for introduc- 
tion of medications into the interior of the tubular guide 
wire 320. 

InsertaWe in the hollow of the tubular guide wire 
320 is a wire mandrel 333 which may be made radio- 
paque to X-ray fluoroscopy or, if magnetic resonance 
imaging (MR I) were used, the wire mandrel 333 could 
be made of a material active for MRI detection such as 
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gadolinium or gadolinium compound, gadolinium 
encapsulated in a sheath, dysprosium, or dysprosium 
encapsulated in a sheath. Alternatively, a radiopaque 
solution could be introduced into the interior of the tubu- 
lar guide wire 320 or a solution visible in MR! could be 
used, if MRI rather than X-ray fluoroscopy were utilized. 
The purpose of such a wire mandrel or solutions, of 
course, would be to allow tracking location and/or move- 
ment of the guide wire 320 as it is threaded into vascu- 
lature or body cavities. 

' The wire mandrel 333 could also be used to change 
the curvature of the tubular guide wire 320 as desired by 
the user. For example, the tubular guide wire 320 could 
be formed with a portion of it curved or angled (such as 
the curved distal end 340 to be discussed momentarily) 
and a straight wire mandrel 333 could then be inserted 
into the guide wire to straighten it out and then removed 
when desired to allow the guide wire to resume the 
curved shape. Alternatively, the tubular guide wire 320 
could be formed to be straight and the wire mandrel 333 
formed with selected curves so that when the mandrel 
were inserted into the tubular guide wire, the mandrel 
would cause the guide wire to assume those same 
curves and when the mandrel were removed/the guide 
wire would again straighten, in this manner, depending 
upon the initial shape of the wire mandrel 333 and/or the 
tubular guide wire 320, the shape of the guide wire can 
be controlled to a certain extent while disposed in vas- 
culature or body cavities. 

Advantageously, the tubular guide wire 320 is con- 
structed of nickel titanium alloy and may range in size 
from about .008 inches to .090 inches in outside diame- 
ter, and about .005 inches to .084 inches in inside diam- 
eter, and about 175 to 300 cm in length. The tubular 
guide wire 320 could also be made of stainless steel, 
polymers or other flexible materials having suitable 
strength. 

Cuts, slots, gaps or openings 334, 336 and 338 are 
formed in the tubular guide wire 320 along the length 
thereof, either by saw cutting (e.g. diamond grit embed- 
ded semiconductor dicing blade); electron discharge 
machining, laser cutting or etching (for example using 
the etching process described in U.S. Patent No. 
5, 1 06,455) anisotropically to provide for lateral flexibility 
in the guide wire. Cuts 334 are generally perpendicular 
or crosswise to the long dimension of the guide wire and 
are shown as being cut on alternate sides of the guide 
wire. (Various cut patterns will be discussed in more 
detail later.) Cuts 336 are angled to allow for a longer 
cut, and cuts 338, on the distal end 340 of the guide 
wire, are also formed perpendicular to the guide wire. 
Controlling and varying both the spacing and depth of 
the cuts allows for selection of the flexure profile of the 
tubular guide wire, the more closely spaced the cuts 
and the greater depth thereof giving rise to a more flex- 
ible guide wire, and vice-versa. 

The distal end 340 of the guide wire may be pre- 
shaped with a curve, as shown, to allow for directing the 
guide wire around curves and bends. The cuts 338 



allow for maintaining the flexibility in the distal end 340. 
Advantageously, the tip is rounded to minimize the 
chance of traumatic piercing of body tissue. Also formed 
on the distal end 340 may be a radiopaque or MRI 

5 marker or band 344. The band 344 may be gold or plat- 
inum alloy (for X-ray fluoroscopy) or gadolinium or dys- 
prosium, or compounds thereof (for MRI), and may be 
formed on the distal end 340 by deposition, wrapping or 
use of the shape memory alloy (NiTi) effect to "lock" the 

io band around the end. Alternatively, a radiopaque plug 
may be disposed in the lumen at the distal end 340 (or 
an MRI marker). 

FIG. 2A is a side, fragmented view of a tubular 
guide wire 350 formed with perpendicular cuts 354, 

T5 358, 362, 366. etc.. along the length thereof. The cut 
354 is formed on the top of the guide wire 350, the cut 
358 is formed on the bottom, the cut 362 is formed on 
the near side of the guide wire, and the cut 366 is 
formed on the far side. In effect, each cut is rotated by 

20 1 80 degrees or 90 degrees, and offset from the preced- 
ing cut. Of course, the cuts could be formed to provide 
preferential bending (flex) in one plane, or could be ran- 
domly formed to allow bending (flex) equally, non-pref- 
erentially in all planes. This could be achieved, for 

25 example, by circumferentially spacing the cuts. 

FIG. 2B is a side, fragmented view of a tubular 
guide wire 365 formed with pairs of cuts 367 formed on 
opposite sides of the guide wire and staggered or offset. 
The flexibility (bending stiffness), strength and tor- 
so sional stiffness of the guide wire are determined prima- 
rily by the dimensions and flexure properties of beams 
formed by the cuts, i.e., the area between opposing cuts 
(for opposing cuts) or the area between adjacent cuts 
(for offset cuts). These properties, in turn, are deter- 

35 mined by the depth, widths and separation of cuts. Very 
flexible sections with opposed cuts (such as shown in 
FIG. 3) generally require that the cuts be deep and/or 
wide, to yield flexible beams 384. However, it is some- 
times difficult to precisely control the depth of cuts with- 

40 out overly weakening the guide wire; and especially 
wide cuts are impractical because they may cause the 
guide wire to catch or snag on body tissue. Very flexible 
. sections with offset cuts (such as shown in FIGS. 2A 
and 2B) may be achieved by reducing the spacing 

45 between the cuts to yield flexible beams 364 (FIG. 2B), 
and this is more accurately controlled than are cut 
depths, as already discussed. Thus, the use of offset 
cuts allows for accurately controlling the flexibility of 
guide wires without the attendant risk of overly weaken- 

.50 ingthem. 

Disposed in the tubular guide wire 350 is a solid 
wire mandrel 361 having a bend 368, which will cause 
the tubular guide wire 350 to conform to the same bend, 
as previously discussed. The solid wire mandrel 361 

55 provides stiffening for the tubular guide wire 350 for that 
portion in which the mandrel is inserted. A stop 363 is 
located at the proximal end of the mandrel 361 to pre- 
vent movement of the mandrel, and in particular the dis- 
tal end of the mandrel, beyond a certain point in the 
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guide wire 350, for example, to avoid puncturing tissue 
beyond the distal end of the guide wire by the distal end 
of the mandrel. Further, the mandrel 361 could have a 
tapered, and thus more flexible, distal end, along with 
(or without) a blunt or dulled tip. 5 

FIG. 3 is also a side, fragmented view of a tubular 
guide wire 370, also with cuts 374, 378, etc. formed 
therein. Cut 374 is actually two cuts formed on the top 
and the bottom of the guide wire 370, whereas cut 378 
comprises two cuts formed on the near side and the far w 
side, etc. A distal end 382 of the guide wire 370 is 
curved, and includes a radiopaque or MRI band 386. 
(The distal ends of the guide wires can also be shapea- 
ble by the clinician by heating and/or bending. 

FIGS. 4A and 4B show a side, fragmented views of is 
a tubular catheter 400 having opposed cuts 404 formed 
at an angle with the long direction of the guide wire, and 
tubular guide wire 408 having offset cuts 412 formed at 
an angle with the long direction of the guide wire, 
respectively. 20 

FIG. 5 is a side, fragmented view of a tubular guide 
wire 420, showing three alternative type cuts 424, 428 
and 432. These type cuts provide a kind of built-in flex- 
ure stop to prevent further flexure of the guide wire 420 
when the cut openings close to contact one another and 25 
prevent further flexure in that direction. The cuts 424 are 
formed on opposite sides of the guide wire 420 and are 
wedge- or triangle-shaped, with the greater width of the 
wedge being at the bottom of the cut. The cuts 428 are 
likewise formed on opposite sides of the guide wire 420 30 
in the form of Ts, with the crosspiece of the T being at 
the bottom of the cut The cuts 432 are generally circu- 
lar as shown. Other cut shapes could also be provided 
to meet the needs of the user. 

FIG. 6 is a side, fragmented view of a tubular guide 35 
wire 500 having cuts or etchings 504 which may extend 
all the way through the guide wire to separate it into 
pieces, with the cuts or etchings being formed with teeth 
which interlock when the guide wire is reassembled. 
When the guide wire is inserted into a vasculature pas- 40 
sageway, the teeth in the cuts 504 interlock to prevent 
relative rotation thereof but also allow significant lateral 
flexibility. 

The tubular guide wire disclosed can be used with a 
catheter threaded thereover in a conventional manner, 45 
or can be used to deliver medication to a target location 
in a manner similar to the catheters themselves. With 
cuts formed along the length or at least a portion of the 
length of the tubular guide wires, the medication is 
allowed to leak from the bore of the guide wire out into so 
the vasculature passageway. Of course, the location of 
discharge of medication from the tubular guide wire can 
be controlled by controlling depth of the cuts as well as 
the location thereof. In addition, a polymer sleeve may 
be inserted in the lumen or bore of a tubular guide wire, ss 
and/or on the outside as well, for sealing and preventing 
the outflow or discharge of medication from the guide 
wire lumen. Controlling the length of such sleeves on 
the guide wire enables control of discharge points of 



medication from the guide wire. 

In addition, a stiffening mandrel or wire can be 
inserted through the bore or lumen of a tubular guide 
wire as already discussed, and such mandrel or wire 
can be curved at selected locations such as location 
368 in the mandrel 350 of FIG. 2, to cause a corre- 
sponding bend in the tubular guide wire. Alternatively, 
the tubular guide wire can be formed with one or more 
bends and then a substantially straight mandrel may be 
inserted into the hollow of the guide wire to cause H to 
straighten as needed. Also, the mandrel can be made of 
a material so that it is visible either with X-ray fluoros- 
copy or MRI, depending upon the process used to view 
the clinical procedure. 

FIG. 7 is a side, cross-sectional, fragmented view of 
a tubular catheter guide wire 604 made from a metallic 
or other electrically conductive alloy, in the lumen 608 of 
which is disposed an electrically conductive wire 612 
about which is disposed an electrically insulative sheath 
616. Alternatively, the interior wall of the lumen 608 
could include a layer of insulation and obviate the need 
for the insulative sheath 616. Illustratively, the diameter 
of the lumen 608 could be .009 inches, and the diameter 
of the wire 612 and sheath 616 could be .006 inches. 

The structure of FIG. 7 illustrates a use of the tubu- 
lar catheter/guide wire of the present invention for mak- 
ing internal electrical measurements such as the 
detection of voltage patterns at a target location in the 
body. Also, the combination of FIG. 7 could be used for 
ablation in which a radio frequency or other signal is 
transmitted over the conductor tube 604 and conductor 
wire 612 to the distal end to tissue in front of the distal 
end. In addition, a heating coil could join the tubular 
conductor 604 and the conductor wire 612 at the distal 
end to provide a heating element for performing thermal 
treatment at a target location in the body. Of course, 
other electrical measurements or treatments could be 
utilized with the structure of FIG. 7. Of course, the typi- 
cal guide wires discussed earlier, being solid, could not 
provide this function, nor could typical catheters since 
they are made of nori-meiailic materia!. 

In the embodiments of the guide wire discussed 
above, the guide Wires can be made "flow directable" by 
providing highly flexible distal ends. "Flow directability" 
means that the distal end of the guide wire tends to 
"flow" with the blood around curves and bends in a vas- 
culature passageway. To reduce resistance to move- 
ment of a guide wire in a vasculature passageway, the 
surface of the guide wire may be electropolished to 
increase the smoothness thereof, and additionally, a 
lubricious coating may be applied to the surface of the 
guide wire-such coatings might illustratively include sil- 
icone based oil and/or polymer or hydrophilic polymers. 
Alternatively, a lubricous sleeve made, fore example, of 
a hydrophilic polymer could also be provided for dis- 
posal of the guide wire. 

It is to be understood that the above-described 
arrangements are only illustrative of the application of 
the principles of the present invention. Numerous modi- 
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fications and alternative arrangements may be devised 
by those skilled in the art without departing from the 
spirit and scope of the present invention and the 
appended claims are intended to cover such modifica- 
tions and arrangements. 

Claims 

1. A catheter guide wire for introduction into a vessel 
pathway to guide a catheter to a predetermined 

^ ^ 'location, comprising a thin elongate tubular body of 
\ "material having tubular walls defining a lumen, the 
j£ !v v / exterior surface of which includes a plurality of cuts 
: *\ jJ y \ spaced apart along at least a portion of the length 
O / \ of the body to increase lateral flexibility of the body, 
/ -said cuts extending generally transversely of the 
body. 

2. A catheter guide wire as in Claim 1 wherein the Ion- 
\ gitudinal spacing between cuts is selectively varied 
V to thereby selectively vary flexibility along the length 
; of the body. 

3. ' A catheter guide wire as in Claim 1 wherein said 

cuts are formed as successive pairs along the 
\ length of the body, with one cut of each pair being 
formed generally on a different side and longitudi- 
nally offset from the other cut of the pair. 

4. A catheter guide wire as in Claim 3 wherein at least 
some of said pairs of cuts are circumferential ly 
rotated some angular amount from the other pairs. 

5. A catheter guide wire as in Claim 1 wherein said 
cuts are formed as successive pairs along the 
length of the body, with one cut of each pair being 
formed diagonally opposite the other cut of the pair. 

i 

6. A catheter guide wire as in Claim 5 wherein some 
pairs of cuts are circumferentially rotated some 
angular amount from other pairs. 

7. A catheter guide wire as in Claim 6 wherein alter- 
nate pairs of cuts are circumferentially rotated 
about 90 degrees from the other pairs. 

8. A catheter guide wire as in Claim 1 wherein a first 
group of said cuts are formed on a top side of the 
body, a second group on a bottom side, a third 
group on a first lateral side, and a fourth group on 
the opposite lateral side, and wherein the groups of 
cuts are interleaved with one another. 

9. A catheter guide wire as in Claim 1 wherein said 
cuts are formed by saw-cutting. 

10. A catheter guide wire as in Claim 1 wherein said 
cuts are formed by laser cutting. 



11. A catheter guide wire as in Claim 1 wherein said 
cuts are formed by etching. 

12. A catheter guide wire as in Claim 1 wherein said 
5 cuts are formed by electron discharge machining. 

13. A catheter guide wire as in Claim 1 wherein the 
elongate body has a proximal end and distal end, 
and wherein the distal end is curved. 

10 

14. A catheter guide wire as in Claim 1 wherein the 
elongate body has a proximal end and distal end, 
and wherein the distal end includes a sufficient 
number of cuts to make it more flexible than the 

is remainder of the body. 

15. A catheter guide wire as in Claim 1 wherein the 
elongate body has a proximal end and distal end. 
and wherein the guide wire further includes a radio- 

20 paque element disposed at the distal end of the 
elongate body. 

16. A catheter guide wire as in Claim 1 wherein the 
elongate body has a proximal end and a distal end, 

25 and wherein the guide wire further includes an MRI 
detectable element disposed at the distal end of the 
elongate body. 

17. A catheter guide wire as in Claims 1 5 or 16 wherein 
30 said element comprises a band encircling the distal 

end of the elongate body. 

18. A catheter guide wire as in Claim 1 wherein the 
diameter of the body of material is from about .008 

35 inches to .090 inches, and the diameter of the 
lumen is from about .004 inches to .085 inches. 

19. A catheter guide wire as in Claim 18 wherein at 
least some of the cuts extend through the tubular 

40 walls to the lumen to allow discharge through said 
at least some cuts, of liquids flowing in the lumen. 

20. A catheter guide wire as in Claim 1 wherein said 
cuts circumscribe the body of material and extend 

45 through the tubular walls to the lumen to divide the 
body into individual segments, said cuts defining 
interlocking teeth on adjacent segments which 
inhibit rotation of one segment relative to adjacent 
segments. 

50 

21. A catheter guide wire as in Claim 1 wherein the 
material is selected from the group consisting of 
nickel-titanium alloy and stainless steel. 

55 22. A catheter guide wire as in Claim 1 further, including 
an elongate wire disposed in the lumen of the tubu- 
lar body and slidable therein to selectively stiffen 
that portion of the length of the tubular body occu- 
pied by the wire. 
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23. A catheter guide wire as in Claim 22 wherein said 
elongate wire includes a stop means formed therein 
for preventing insertion of the wire in the lumen 
beyond a certain point. 

5 

24. A catheter guide wire as in Claim 22 wherein said 
elongate wire includes one or more bends so that 
when it is disposed in the lumen of the tubular body, 
the tubular body bends to conform to the bend in 
the elongate wire. 10 

25. A catheter guide wire as in Claim 22 wherein the 
elongate tubular body is preshaped with one or 
more bends, and wherein the elongate wire is pre- 
shaped to be substantially straight such that when is 
the elongate wire is disposed in the lumen of the 
tubular body at the location of a bend, the elongate 
wire causes the tubular body to substantially 
straighten. 

20 

26. A catheter guide wire as in Claim 22 wherein the 
elongate wire is made of a radiopaque material. 

27. A catheter guide wire as in Claim 22 wherein the 
elongate wire is made of a material detectable by 25 
MRI. 

28. A catheter guide wire as in Claim 1 further including 
a tubular sleeve for slidable disposition over the 
elongate tubular body to selectively stiffen that por- 30 
tion of the length of the tubular body over which the 
tubular sleeve is disposed. 



33. A catheter guide wire as in Claim 1 wherein at least 
some of said cuts are each formed with a generally 
circular cross-section. 

34. A combination catheter/catheter guide wire com- 
prising an elongate tubular body having tubular 
sidewalls defining a central lumen, said sidewalls 
having slots formed therein substantially along the 
length thereof to increase the lateral flexibility of the 
body, at least some of said slots extending through 
the sidewalls to the lumen to allow discharge there- 
through of fluids flowing in the lumen. 

35. A catheter conductor pair comprising 

an electrically conductive catheter for introduc- 
tion into a vessel pathway of a body, the exte- 
rior surface of which includes a plurality of cuts 
spaced apart along at least a portion of the 
length of the catheter to increase lateral flexibil- 
ity of the catheter, and 

an electrically conductive wire disposed in the 
lumen of the catheter and generally co-exten- 
sive therewith and insulated therefrom, for car- 
rying electrical signals, in conjunction with the 
catheter, along the co-extensive length thereof. 

36. A catheter conductor pair as in Claim 35 further 
comprising an electrically insulative sleeve dis- 
posed about the electrically conductive wire to pre- 
vent electrical shorting between the wire and 
catheter. 



29. A catheter guide wire as in Claim 28 wherein the 
tubular sleeve is made of a material selected from 35 
the group consisting of elastomers, polyurethane. 
polyethylene, and teflon. 



30. A catheter guide wire as in Claim 28 wherein at 
least some of the cuts extend through the walls of 40 
the elongate tubular body, and wherein the tubular 
sleeve is dimensioned to fit snugly over the tubular 
body to allow selective release of fluid from the 
lumen of the tubular body through the cuts which 
extend through the tubular wall when the sleeve is 45 
not disposed thereover, or to block release of such 
fluid through such cuts when the tubular sleeve is 
disposed over the cuts. 



31 . A catheter guide wire as in Claim 1 wherein at least so 
some of said cuts are each formed with a wedge- 
shaped cross-section, with the widest part of the 
wedge forming the bottom of said each cut. 

32. A catheter guide wire as in Claim 1 wherein at least 55 
some of said cuts are each formed with a T-shaped 
cross-section, with the cross-bar portion of the T 
forming the bottom of said each cut. 
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